aly

Bergvesenet .
x Postboks 3%:77002 Trondheim Rapportarklvet

Bergvesenet rapport nr intern Journal nr Internt arkiv nr Rapport lokalisering Gradering
BV 448 Trondheim Apen
Kommer fra ..arkiv Ekstern rapport nr Oversendt fra Fortrolig pga Fortrolig fra dato:
Falconbridge Sul 124-14-71 Sulfidmalm A/S
Tittel

Report on underground sampling programme at the Skutterud Mines, Modum.

Forfatter Dato Bedrift

Gunn Kvaal Hygen L 1971 J Sulfidmalm A/S

John B, Gammon

Kommune Fylke Bergdistrikt 1: 50 000 kartblad 1: 250 000 kartblad
Modum Buskerud Trondheimske 17141 Skien

Fagomrade Dokument type Forekomster

Geologi Rapport Skutterud

Kjemigke analyser

Rastofftype Emneord
Malm/metall Co CuMo
Sammendrag

KOMPLETT UTGAVE

Rapporten beskriver kanalprgvetaking fra gruva og resultatet av analysene som er utfert ved Robertson
Research Mineral Technology Ltd i North Wales.
Prgvetakingsprogrammet er utfert av Gunn Kvaal Hygen som diplomoppgave ved NTH.

Summary:

This is the report on last year’s underground sampling of Skutterud Mines at Modum. The earlier reported
high Mo assays seem to have resulted from poor assying procedures in 1951, The returned Cu and Co values
are too low to be of economic interest.
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INTRODUCTION

The old mines at Skuterud in Modum have been the subject of
investigations by geologists since they ceased production in
1889. The investigations have been both from academic and
economic view points. All the investigations of the economic
possibilities have reached the conclusion that the mines give
no encouragement for further development.

In 1952 Henry Brown undertook an investigation of the mines

for Ventures Ltd. of Canada. Reinvestigation of his report

on file in Toronto indicated relatively high results for
copper and cobolt and particularly high results for molybdenum.
The high content of molybdenum is remarkable since no earlier
investigations have given any indications of economically
interesting quantities of this element. Therefore a certain
amount of sceptisism with respect to these results is justi-
fied. By a closer examination, however, they appear to have a ..
rather regular distribution. The highest molybdenum values
occur at the western ends of crosscuts, thus forming a con-
tinuous zone along the known strike of the rocks. A certain
consistency of tt . results is apparent by comparing assay data
from different ¢ .osscuts. Fig. 2 shows Brown's results, parti-
cularly from th: Ludwig Eugen level. 1In crosscut D he chip-
sampled the zone in 4 different sample widths. The highest

- values included was 0,37% molybdenum over 22,5 ft. However,
the average over the complete crosscut is calculated as 0,1%
molybdenum over 110 ft, If the results from this crosscut are
then compared with crosscut A where he chip-sampled the whole
crosseut into one sample, it is seen to be remarkably similar to
the results obtained of 0,09% molybdenum over 93 ft.

Other assay results of Brown, shown on fig. 2, also indicate
interesting assays in several pPlaces for cobolt and copper,

such that a combination of the three elements, molybdenum, cobolt
and copper, gave a reasonable opportunity of outlining economi-
cally interesting quantities of ore. It was therefore decided
to sample the workings thoroughly and assay for these three
elements, hoping that suitable combinations of them would give

. grounds for farther developments.
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SAMPLING

The sampling program was carried out by a diploma candidate
from the Nnrweglan Technical University's Mining Department.
Sampling assistants were recruited from the local area.

Channel samples were cut using a 1 kilo hammer, and hardened
steel chisels. The sampling party consisted of two men, one
who cut the channel and the other holding a plastic bucket to
collect the broken rock. The sample was then placed in paper
bags and immediately numbered. One sample usually required
two bags. In particularly difficult areas the size of the
sample was smaller. The weight of a two-bag sample is gproxi-
mately 6 kgs. The length of the channels cut was kept at a
standard length of 2 metres. In addition chip samples were
collected over 4 and 5 metres lengths in certain areas to pro-
vide a check agalnst the results of the channel sampling. The
sampling procedure in this case also consisted of two men, one
of whom chlpped similar size fragments at intervals of 10-15 cms,
with a maximum distance of 30 cm between chips. The chips were
collected by the second man in a suitable container.

- SAMPLE PREPARATION

The bags were taken to the Geological Museum in Oslo for further
crushing prior to analysis.

All the samples were crushed in the same crusher, which was
carefully cleaned with a steel brush and blown with compressed
air between samples.

Since only 300-500 g were to be sent for analysis, the 6 kgs
samples received had to be split. After crushing the received
sample to a maximum size of 1 cm, the sample was split into two
halves. One half was returned to Sulfidmalm's office for filing
for future reference. The second half was further crushed and
split until a finely ground sample of approx. 500 g remained to
be forwarded to England for assay.

- ASSAYS

The assays were carried out by Robertson Research Mineral
Technology Ltd.'s Assay Labs at Ty'n-y-Coed, Llanrhos, in North
Wales.
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The received sample was completely crushed in a Bico-Braun
type UA pulverisor. All of the material from the pulverlsor
was crushed such that it would pass through a 60 mesh sieve,
This material was split to one quarter or approximately 60

_ grams, which was further crushed by hand in an agate mortar

until it would pass a hundred mesh sieve. The hundred mesh
sample was then used for analysis.

Preliminary investigations of some of the samples showed that
the molybdenum content was very low. Robertsoms therefore
decided to use a spectrographic method for this element. A
20 miligram sample was taken and completely burnt in a 10 amp.
current. The spectrum was then investigated in a Hilger and
Watts large quartz spectrograph. The spectrum was compared
with standard samples. The accuracy of this method in the

interval 0.001% to 0,1% molybdenum is given as plus or minus
20%.

The copper and cobolt were assayed Dby atomic absorptlon. The
assay sample was dissolved in a mixture of nitric acid and
bromine. Perchloric acid was added and the solution warmed
such that undesirable gasses were fumed off. The solution was
then diluted to a standard volume in a volumetric flask,

Undissolved material was removed from the solution by help of
settling. The solution was then measured for copper and cobalt
on an EEL 240 atomic absorptlon spectrometer. The accuracy in
the interval 0.005 to 0,05% is given as plus or minus 10%.

RESULTS

The assay results received from Robertson Research are shown in
appendix 1. It is immediately apparent that these results are
very much lower than those Brown obtained in 1952.

The molybdenum results are all so low as to be of absolutely

no economic interest., The copper and cobolt results were further
studied by assuming that one cobolt is aquivalent to five coppers,
and thereby calculating how many samples contained 0,25% copper ,
equivalent. The follow1ng table shows those results Wthh were
high enough to give a copper equivalent of this value:
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TABLE 1I:

Samples returning assays ;?

0,25% Cu equivalent

‘Level

Ludwig Eugen

Clara (North)

Forhaabning

Surface

Location

Crosscut =2
" -5
" -8
n _8
" _8

Crosscut -2
" _5

Main drive

Crosscut -1
" =25

Fortuna
E ofHenrietta
Main mine

" L]

North mine
1 1"t

Dumps at main mine

" "

" L1

Sample No.

010u6
01008
01051
03017
02019

01092
03054
02038
01102
02063

01110
01112

0uls?
ou4Lud
04036
cu038
04193
0u063
oyo0ouy
c4005
04006

Cu %

0,07
0,24
0,09
0,14
0,35

0,16
0,45
0,14
0,34
0,13

0,67

0,05

0,15
0,13
0,05
0,11
0,16
0,19
0,32
0,38
0,15

Co %

0,040
0,010
0,078
0,083
0,015

0,09
0,029
0,030
0,030

0,066

0,008
0,054

0,025
0,037
0,075
0,040
0,95
0,012
0,08
0,38
0,62
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There is no apparent correlation between the results from
Ludwig Eugen level and the Clara level. A possibility of a
correlation between the Clara level and the Forhaabnings level
does exist. However, the assays and widths are of too small
value to be of economic significance. The surface samples
returning greater than 0, 25% copper equivalent are too wide-
spread and disconnected to be of potential economic signifi-
cance,

CHECK ASSAYS

Because of the unexpectedly low results obtained for all three
elements samples were sent again to Robertsons for reanalysis
under different sample numbers, and samples were also sent to
the Falconbridge Nikkelverk laboratory in Kristiansand. Some
samples were also sent to Lakefield Research in Canada, which
was the laboratory who had carried out the analysés for Mr.
Brown.in 1952. The results of these chekk assays are ®hown
in table 2, and indicate that the original results received
from Robertsons are a true reflection of the levels present.
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TABLE IT:
-'-
. CHECK ASSAYS |
Sample® Robertson Resesrch ' Lakefield Nikkelverket
O. Assay 1 ‘i . Assay. 2 ; .
.J‘ Aou 3:00 do | Mou o o %Mo @Cu %o Mo .
l01o 0,08 0,014 <0,001| 0,14 0,020 <0,001 0,0001 . {0,058 0,007 <0,005
o013 | #,05 0,020 <0,001 0,066 0,013 '<0,005
iOlO ' " _0.0004‘ ‘ o '
01014 [£0,01 40,005 <0,001| 0,000 |0,024' 0,001 <0,005
030 0,01 40,005 <0,001 o - .
0L029 | 0,01 40,005 (0,001 0,0003 '
3034 0,01 < 0,005 <0,001 | 0,000
011 | 0,02 0,006 <0,001 - | - 10,022 0,003 «0,005
010 | 0,08 0,014 <0,002| 0,14 0,020 <0,001| 0,0001 (0,058 0,007 <0,005
09 | 0,06 0,022 <0,001| 0,05 0,026 <0,001 0,059 0,016 <0,005
ole | 0,01 0,005 <0,001| 0,01 <0,005 <0,002| 0,0002 |0,016 0,002 0,005
im K 0,01 <0,005 <0,001{40,01 €0,005 <0, 001 0,0002 0,012 0,001 <0,005
02002 (20,01 <0,005 <0,001{ 0,01 0,005 <0,001 (0,016 0,004 <0,005
95 | 0,04 <0,005 <0,001| 0,03 0,010 <0,002| 0,0001 |0,14 0,007 <0,005
02004 | 0,01 0,006 <0,001| 0,02 20005 0,001 " [0,034 0,002 <0,005 |
:‘jos | 0,04 0,008 <0,001| 0,04 0,005 <0,001| 0,0003 0,034 0,003 <0,005
) 110,03 0,008 <0,001 0,036 0,006 <0,005
g0\ [«0,01 <0,005 <0,001 0,0001 |0,015 0,002 <0,005
W12 (20,01 <0,005 <0,001| 0,03 <0,005 <0,001 0,020 0,003 <0,005
3'804 <0,01 < 0,005 <0,001| 0,03 £0,005 <0,001 0,0002 (0,010 0,001 <0,005
@01 |<0,02 40,005 <0,001 0,089 0,001 <0,005
>:."oos 0,01 0,006 <0,001| 0,06 0,006 <0,001 0,020 0,004 <0,005




CONCLUSTIONS

1) The results obtained by Brown in 1952 give a completely
unrealistic picture of copper-cobalt-molybdenum
mineralization at Modum. :

2) Assaying and check assaying have indicated that molybdenum
values in this area lie well below economically interesting
amounts.

3) Scattered sampled indicated combined copper-cobalt contents,
approaching economically interesting values. These points
are so0 widespread, however, that there seems little chance
of outlining the major tonnages that would be required at
the low grade 66 0,25% copper equivalent.

4) No further work is justified on these deposits.
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LIST QOF ENCLOSURES

Appendix I :

Fig, 1
Fig, 2

Assay Results.

Location Map
Brown's Assay results (1952)

Sample location maps:

905-14-1

" 905-15=-2

905-14=-3

905=14=Y4

905-14=-5

905-14-6

905-14=~7

905-14-8

905-14-9

Surface Samples, Skuterud Mines,
Southern area.

Surface Samples, Skuterud Mines,
Northern area,

Forhaabnings Level, sample localities.

Clara Level, sample localities.
Central section.

Clara level, (Northern section),
sample localities.

Clara Level (southern section},
sample localities.,

Clara and Ludwig Eugen levels,
(West-Central section) sample localities.

Ludwig Eugen level (Cross-cut and North
drive) sample localities.

Ludwig Eugen level (south drive)
sample localities.
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Cu %

Sample Ko, ‘ Co % Mo 7
14 00 064 . <0,01 <0,005 <0,001
ap 039 - 0.07 0.025 0,002
14 01 002 10,01 0.005 <0,001
003 0.07 0.011 - 0,001
© 004 0.05 0.007 <0,001
Q06 0,037 <0.,005 <), 001
Q08 0.2 0.010 0,001
009 0.09 0.006 <¢,001
011 0.06 0.012 <0.001
012 0,06 . <0,005 <0,001
012A 0.02° 0.005 <0,001
035 0.02 0.005 <0,001
045 00,08 0.020 - <0,001
046 L 0.07 . 0.040 <0.001
047 0,06 0.023 <0.,001 -
048 © 0,01 <0.005 <0,001
049 10,02 0,005 <0,001
‘050 ' <0,01 <0,005 <0,001
051 0.09 . 0,078 0.001
052 0.02 .. 0,006 <0,001
053 0,03 0.008 <0,001
054 0.03 " 0,011 <0,001
056 0.08 0,025 <0,001
057 0.01 0.005 <0.001
058 <0,01 <0,005 <0,001
059 <0,01 <0,005 - <0,001
060 '0.09 "0.055 0,003
061 -, 10.07 “0.024 <0,001
062 T <0,01 <0,005 <0,001
062A <0,01 <0,005 <0,001
063 <0,01 0.006 <0,001
065 '<0,01 <0,005 <0,001
066 0,04 "0.014 <0,001
067 0.03 0,007 <0,001
074 “~ 0,04 . 0.039 0,001
075 0.06 0,017 0.001
075A 0.06 0,11 0.001
090 0,11 0.025 0,003
091 0.11 "0.007 0.003
092 0.16 10.090 <0,001
093 0.25 . 0,036 <0.001
093A 0,20 0.025 <0,001
095 0.05 - 0.016 0.00)
096 0.06 10,016 0.002
097 0.15 0,006 0,001
098 0.09 0,015 <0,001
099 0.02 <0,005 <0,001
100 . 0,02 \<0.005 <0,001
101 0.04 \<0.005 0,001
102 0.34 S 0,030 <0,001
103 0,10 0,017 0,001
104 0.03 0,012 <0,001
105 '0.10 0.013 <0,001
106 V0,03 0.013 <0,001
107 \0.03 *<(1.005 0,001



Sample Ro.

Co %

Cu 7 Mo 7
14 01 108 0,08 0.015 0,006
109 - '0.05 0.007 0,001
110 0,67 0.008 0.002
112 - 0.05 0,054 0.001
115 0,05 0,016 " '<0,001
116 V0,03 0.008 <0,001
13 02 013 N, 05 0.009 0.002
Q14 0,06 ¢ 0,011 0.003
015 10,07 <0,005 <0.001 -
016 0,06 0,005 <0,001
N7 0.05 . 0,027 <0,001
08 0,04 0,015 0.007
019 0.35 0.015 <0,001
020 0.06 0,019 <0,001
021 0.06 0.008 <0,001
022 > 0,02 0,005 <0,001
023 T 0.04 0.006 <0,001]
024 - 0.01 <0,005 <0,001
. 025 0.11 0,012 0,003
026 <0.01 - <0,005 <0,001
. 027 ‘0,03 0,011 - <0,001
028 0.01 ' <0,005 <0,001
029 -<(),01 " <0),005 <0,001
030 .<0,01 <0,005 . <0,001
031 . <0,01 <0,005 <0,001
032 0.02. <Q.005 <0,001
033 0.01 0,002 <0,001
034 0,08 +<0,005 <0,001
035 .. 0,03 <0,005 <0.,001
036 0,06 0.015 <0,001
037 0.08 0.015 <0,001
033 0.14 0,030 <0,001
042 0.03 0,006 0.001
043 Q.07 10,009 <0,001
044 0,07 0.012 <0,001
046 0,02 . <0,005 <0,001
048 20,01 \ 0,009 <0,001
049 10,05 0.013 <0,001
050 ‘0,10 0.007 0.002
051 10,11 0.013 0,001
052 10,03 0.006 <0,001
053 \0,16 0,006 <0,001
054 0,10 20,031 <0,001
055 . 0.02. 0.005 <0,001
057 0.14- 0.014 0,001
058 0,14 10,020 <0,001
059 0,17 10,013 <0,001
060 0.07 v0.010 <0,001
061 0,04 0.006 <0,001
(62 0.04 +0,006 <0.,001
063A 0.06 0,060 <0,001
0638 0.13 0,066 <0,001
064 - 0.04 ‘0,009 <0,001
. 065 0.03 " 0,014 <0,001
066 0.06 “0.008 0.001
067 0,04 0,013 <0001
068 " 0.03 +0.015 <0,001
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Sample do,

_ Cu % Co 7% Yo 7
14 02 068A 0,02 0,010 <0, 001
049 0.04 \0,012 <0, 001
o7 *0,04 10,011 <0.001
071 0,06 10,011 <0,001
. 072 0.07 . Q,008 0.0
073 0,09 +0,016 0,003
075 0,18 0.017 0.006
14 03 002 0,02 <0, 005 0,001
003 0.05 0.013 0,001
008 © 0,02 0,006 <0,001
009 0.08 0.018 <0,001
010 0.02 <0,005 <0,001
012 0.05 0.08 <0,001
013 0.02. 0.006 - 0,001
0l4 0.08 <0,005 <0,001
016 * 0,08 <0,005 <0,001
017 0.14 0,053 <0,001
018 *0,03. 0.006 <0,001
019 - 0,01 0.011 <0,001
020 0.04 0.005 <0,001
021 0,01 . <0,005 <0,001
022 0.04 - 0,009 <0,001
023 0,10 0.0, <0, 001
024 <0,01 <0,005 <0.001
025 0,02 " <07005 <0,001 °
026 "0.03 0.007 <0,001
027 <0,01 <0,005 <0.001 .
028 <0,01 <0,005 <0.001
029 0.01 0,007 <0, 001
030 “0.02 0,008 <0,001
031 0.03 <0,005 <0, 001
032 <0.01 <0,005 <0, 001
033 0.05 <0,005 <0,001
034 0,04 0,010 <0,001
035 -+ 0,08 0.015 <0,001
036 .0.05 0.021 <0,001
037 0.10 0,017 <0,001
038 0,01 0.007 <0,001
040 0.03. 0.009 0.003
041 0.02 0.023 <0,001
042 10,03 0.010 <0.001
043 0.02 0.00%  <0,001
044 0,03 0.008 <0,001
045 0.01 0,009 <0.001
046 0,02 0.008 <0,001
047 0.03 0.005 <0.001
049 0.19 0,042 . 0,001
050 0.01 0,009 <0.001
051 0.02 <0.005 <0.001
052 0.06. - 0,048 0.007
053 + 0,06 0.009 0,001
054 0,45 0,029 <0,001
055 0.05 0,036 <0.,001
056 0,10 <0,005 <0.001
057 0,02 0.006 <0,00}

Cont.



Co %

Sample No. Cu % Mo Z
14 03 058 '0.02 <0,005 <0.001
059 - 0.06 0,009 G002
060 0.05 <0,005 © «0,001
061 0,01 0.008 0.005
062 0,02 0.025 <0,001
054 0.04 0.008 <0,001
.14 04 039 0.07 0.008 0.003-
060 0.03 <0,005 <0,001
061 0.03 0.013 <0,001
- 062 0.10 0.005 <0,001
063 0.19 0,012 <0,001
065 0.16 0.005 <0,001
065 - 0,03 ' <0,005 <0.001
067 0.02 <0,005 <0,001
068 <0.01 <0,005 <0,001
069 0,05 0.007 ~ <0,001
- 070 0,17 0.008 0,001
072 . 0,07 0.006 <0,001
073 0.Q2 <0,005 <0,001
073A° <0,01 <0.005 <0,001
L. 074 0.02 . <0,005 <0,001
- 075 <0.01 - <0,005 - <0.001 -
070 0.03 <0.,00% <0,001
" 077 <0.01 <0,005 <0,001
Q78 <0,01 <0,005 <0,001
079 <0,01 <0,005 0.010
Q8o <0,01 <0,005 <0,0%1
081 <0,01 <0,005 <0,001
082 0,09 <0,005 0.001
083 <0,01 <0,005 <0,001
084 <0,01 <0,005 <0,001
085 0.01 <0,005 <0.001
086 <0.01 <0,005 <0,001
087 0.01 0.005 <0,001
088 <0,0] " <0,005 <0.001
089 <0,01 <0,005 <0.001
090 <0,01 <0,009 <0,001
091 0,02 0.009 <0.001
092 0.02 0,009 <0.001
093 <0.01 0.014 <0.001
094 0.03 0,028 <0,001
095 0.01 <0,005 <0,001
096 <0,01 <0, 005 <0,001
097 0.01 <0,005 <0,001
098 <0,01 <0,005 <0,001
099 <0,01 <0005 <0,001
100 <0,01 <0.005 <0,001
101 0,02 0.025 <0,001
102 0.01- 0,008 <0,001
104 0,02 <0,005 <0,001
105 0.04 <0,005 <0.001
106 <0,01 0.008 <0,001
107 <0,01 0.005 <0,001
109 <0,01 <0.005 <0,001
110 S 001 0.007 ~0},001
112 0,02 <0,005 <0,001



,c\

Sample Ro, Cu % Co 7 Mo 7
14 04 113 0.05 0.038 <0,001
114 - 0.08 - 0,022 0.001
115 <(1,01 <0.005 <0,001
116 <0,01 <0,00% <0,001
117 <0,01 <0,005 <0,001
118 <0,01 <0,005 <Q,CG1L.
119 <0,01 <0,005 <0,00:
120 O 0.04 0,008 «0,001
121 <0,01 <0,005 <(.,001
123 0.03 <0.,005 <0,001
T 124 0,10 0.014 <0, 00
125 0.04. 0,021 <0,C01
. 126 ,0.04. 0.010 <3,001
127 0.01* 0.008 <0,001
128 0,06 0,015 <0,001
" 128A 0.03 0.032 <(,001
129 0.03 0.013 <0,001
130 0.06 0.014 <0,001
131 0,04, 0,011 <(,001
132 0.07 0.008 <0,001
134 0.02: <0 ,005 <0,001
-135 0.03 - 0,005 <0.00]
136 10,02 <0,085 - . <0,001 .
137 0.15 0,025 . <0,001
138 0.01 0,012
139 .10 0,017 0,001
140 0,06 0,010 0,002
141 0.01 0.011 <0,00l
142 0.01 <0,005 <0,001
143 0,01 0.006 <0.001
Y44 0.01 0.031 <0.001
145 0.13 0.037 0,001
146 0,09 0.030 0.001
147 0.06 0.026 0.001
148 0,01 0,013 <0.001
149 0.01 0,005 0,001
15C . 0,07 0.011 <0.001
151 0.04 0,012 <0,001
152 0,08 0,006 <0,001
153 0.10 0.018 0.001
154 0.07 0,010 <0,001
155 0,03 0.005 0,001
156 0,08 0.014 <0,001
157 0.02 0.011 <0,001
158 0.02 0.016 0.003
159 0,02 <0,005 <0,001
160 0,01 <0.005 <0.001
161 . 0,01 <0.0605 <0.001
162 <0,01 <0.005 <0,001
163 0.01 0.006 <001
164 0.01 <0,005 <(?,001
165 0,01 0,009 <0,001
166 - 0.0 0.010 <0.00]
167 0.02 0.0]1 <0.,001
168 0.01 0,010 <0 ,N01]
169 001 <0,005 <0001

<0,001



0,005

Sample o, Cu % Co % Mo %
14 04 171 " 0,03 0.007 <0,001
' 172 <0,01 <0,005 . <0,001
173 <0,01 <0,005 ) <0,001
. 174 <0.0] 0.006 N <0,001
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